This paper aims at investigation and analysis of green building energy consumption and green measures in hot summer and cold winter climate zone. In this paper, typical green office buildings in Shanghai and Chongqing are discussed, meanwhile, the authors compared with the national standards and point out future research directions.
INTRODUCTION
In recent years, green buildings are developing rapidly in china. From 2008 when the first project was certified, to the end of December 2017, China has a total number of 10,927 green building certified projects whose cumulative construction area reached more than 1 billion square meters [1] . the current number of green building operation certified projects is relatively small, accounting for only 5% of the total projects. With the increasing attention of society on green buildings, people focus more on green buildings than conventional buildings. During the postoccupancy phase, the energy consumption evaluation of green building during operation stage is carried out. It is particularly important to improve the green performance index and establish the energy consumption baseline of green buildings.
Developed countries have established relatively mature building energy consumption benchmark evaluation methods and tools. U.S. adopts ENERGY SRAR [2] which uses the "least squares method" to fit the regression equation between the independent variable and the dependent variable by using the power intensity (EUI), Credits are awarded when the performance of the actual buildings exceeds the reference baseline building setted by mandatory minimum requirements in UK [3] . Then Green Mark has both energy efficiency practices and feature provisions in building evaluations to set points for energy efficiency of annual total energy consumption in Singapore [4] .
Researches have been done on analysis of energy consumption. In New York City, 953 office buildings were compared with 21 LEED-certified office buildings. For energy consumption, the LEED-certified buildings collectively showed no savings compared to non-LEED buildings. The energy consumption of LEED Gold buildings outperformed other office buildings by 20%. In contrast, LEED Silver and Certified office buildings underperformed other office buildings in New York [5] . Literature [6] analyzed 121 LEED-NC certified office buildings, the results found that the average building energy consumption of LEED certified buildings was 25% lower than ordinary buildings. There are no significant differences between buildings of different certification levels on energy consumption. However, some buildings did not achieve the design energy-saving effect. Literature [7] compared the energy consumption of 7 office buildings in 11 LEED buildings. It is found that 4 buildings had lower energy consumption than benchmarks calculated according to relevant energy-saving standards, and energy consumptions of 5 buildings ranked between 50th and 90th in Energy Star database. According to a survey by US researchers, it is proved that not all green buildings are energy-efficient [8] .
Some scholars in China have analyzed the energy consumption of green buildings. Literature [9] investigated 3 buildings which is certified three-star green building label in China. Results showed that the buildings had low energy consumptions and low occupancy rate. The literature [10] analyzed the actual operating energy consumption of 8 green office buildings and 7 general office buildings in Shanghai. The results showed that the average energy consumption of green office buildings was lower than general office buildings, but there were still a few green office buildings with higher energy consumption.
"Standard for energy consumption of building" (GB-T 51161-2016) has been proposed for energy consumption indicators for office buildings, hotel buildings and commercial buildings in different climate zones in China. Guidance values and constraint value requirements are also provided [11] . The energy consumption limit of government agencies puts forward 1st, 2nd and 3rd level requirements for each climate zone, including the State organ units in hot summer and cold winter climate zone [12] . National standards lack assessment and indicators requirements for energy consumption level of operating green buildings. At present, most researches focus on the evaluation of energy consumption for new buildings by simulation analysis methods during the design stage and lack the evaluation and analysis of the operating green buildings. In this paper, the investigated items covered energy use information and building energy related factors, which were also compared with the relevant standards. The analysis can be the basis of the effective energy saving for post evaluation of green building performance.
METHODOLOGY
The research strategy used was case study based on two research questions: (1) "what is the level of energy consumption during post-occupation phase of Green certified building"; (2) "What energy-saving technologies are used in green buildings?"
Green building certified project accounted for nearly 2/3 [13] in the hot summer and cold winter zone. This paper selected Shanghai in east China and Chongqing in southwest China as an example, investigated 13 green office buildings in Shanghai and 6 in Chongqing. In this study, quantitative and qualitative data was obtained through questionnaire survey and field investigation. The questionnaire survey collected architectural and structural information, such as year of construction, gross floor area, energy use, and equipment and management measures, as listed in Table  I . The energy consumption data and other related information were collected. 
RESULTS AND ANALYSIS OF ENERGY CONSUMPTION Energy Use Intensity
There are different energy types used in different buildings. Energy consumed by offices includes electricity and gas. Electricity is primarily used for cooling, lighting and equipment. Gas is used as fuel for heating and hot water. In order to facilitate statistical analysis and comparison, all types of energy are converted into equivalent electricity with the unit-kWh respectively. These energy use intensity (EUI) varies significantly from one building to another, as shown in Fig1. The results of the survey are summarized in Table II . The comparison is shown in TABLEIII. 
Weather Conditions
Shanghai and Chongqing are located respectively in the hot-summer and coldwinter architecture thermo technical design zone in China. Fig. 2 shows monthly mean outdoor temperature and the monthly mean EUI among the same period. It can be seen that the EUI generally follows the fluctuations of outdoor temperature between April and October. The main reason is that the energy consumption of air conditioning systems dominating the total energy consumption and the operation of air conditioning systems is obviously climate-related. In contrast, the energy use for other systems, such as lighting and office equipment, is relatively stable all over the year. 
Breakdown of Energy Use by Fuel Type
Two Fuel types are used in these green offices including electricity and gas. Electricity is the primary energy source, which is mainly used for HVAC, lighting and other equipment. Gas is mainly used for hot water and cooking. The evaluation standard requires that the new green building should be installed with the energy consumption sub-metering system. The statistical results of energy consumption measurement were demonstrated in Figure 3 . 
Energy-Saving Measures (ESM)
Energy efficiency technologies applied in these offices were also investigated. The survey found that in the design phase, the proportion of energy-saving technology as shown in Figure 4 . 
CONCLUSIONS
In this study, the energy use characteristics of office buildings in Shanghai and Chongqing were preliminarily studied by investigating building information, function, service level, equipment and management, energy use from 19 green offices. The following findings can be obtained by analysis.
(1) Though Shanghai and Chongqing located in the same climate zone, the annual average EUI for green office in Shanghai is higher than the average EUI in Chongqing.
(2) Compared to the national energy efficiency standards, the average EUI index of 19 green buildings is better than national energy efficiency standard.
The energy consumption index of green building will be enriched in the future, and the post-evaluation method for green building will be established to guide the preliminary design of green building.
